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SILVER TEBNARY ALLOY 
. HELD OF THE INVENTION 

■n» picsent invention idates to a ternary alloy of sflver, copper and 
genniaiium, to fim«*«I or aemv-Bniahed shaped artSctes mads ftom the aUoy, and 
to fte use fcr fl» surftoe ueataieni of Ac dtoy with alfaneadQU alkyl 
tiiioglycollate, dialkyl sulfide or dialkyl ^snlfide. 

B ACKOBOIXND TO THE INVENTION 

Since ancient times it has been appreciated that unalloyed 'fine' silver is 
too soa to wi&stand normal usage, and it has been the piacfice to add a 
proportion of a base metal to increase hardness and strength. In the UK» 
legislation that has existed since the fonrtBeoth qeatury ^cifies a minimimi 
snver content of articles for sale at 92.5% (the Sterling standard) or 96% (the 
pritf ^»nH«d V Tmt does not spedfif the base metal co»nstitucnts. Experience 
convinced early silversniiflis that copper was the most suitable of the metals 
available to them. Modem sUvta^hect manafectuios generally adhere to this 
oomposififni. atthoogji sometfanea a pioportion of copper is replaced by cadmiom 
to attain even greater ductility. Sterling vdth a 2.5% cadmhim content is 
penmtled to be nsed imhe UK fer spmning and stamping, aMhough the use of 
cadnnum is becoming less wdespread because when the alloy is in the molten 
Slate of cadnniim aw given off and ate toxic. For that reason, a spedfic 
alloy co«5«silion ia produced in conlinenlal Eumpe that contains 93.5 wt% 
silver. » is sold as-a sterling grade alloy with enhanced fonrnng properties for 
deep drawing or spmning operaiiona. The hiflji sliver content reduces the 
hardness of the aUoy. but not to a level where a finished item would be too soft 
and subject to ejrcessive damage fiom handlhig. It therefore can provide a 
cadmhnn-fee sinnning grade, sou to peifimn amitar ftinri^ 
cBdm'"""-ri>nit«'"'"S silver grades arrailable hi the UK. 



15 



20 



25 



30 



2009 00/09 TUB 10:44 FAX •f444>1883-f022907 LUCAS & CO. TJK PATENT OFFICE @008/03( 



- 2 - 



'Ihe relatively high value sissigaed lo silver coxnpaied to the other alloying 
consthuenls in the different grades has m^uit that xtianufhcturars have aimed to 
produce their alloys as closely as posdble to the mfafffiumfi legpl silver content 
5 This has also lesulled !n a fifystem in the UK of ensudpg that tfie mlin'inimi silver 
content is assured hy means of independent external verification — the Assay^ 
QfBcc System. 

In all hut the largest manufiicturing oompaiues, most of the armeatW^^ and 

to soldering lequired to assemble finished ox semi-finished articles is carried out 
with the flame of an air-gas blowtoidi. The oxidising or leducfaig nature of the 
flame and the temperature of the articles are controlled only by the of the 
silversmith. Pure silverallows COQ^gen to pass easily through it; particulariy vAisa 
the silver is heated to stove ted heat. Silver does not oxidEse m air, but the copper 

15 in a silver/copper alloy is oxidised to cuprous or ciqnic oxide. Fickimg of the 
oxidised surface of the article in hot dilute sulphurio add laoooves the superficial 
but not the deeper seated coiH>er oxide so that the snr&ce consists of fing or 
uiMoyed sDver covering a layer of sitvear/ccipper oxide mixture. The pure silver 
is easily permeated during further heatingy allowing copper located deeper below 

20 the suE&ce to become OKidised. Successive nwnwiiiiig cold working and pickling 
produces a snifiuse that exiubits the pure lustre of silver w^ poUslied but 

with heavier polishing reveals dark and disfiguring slams known as 'fire-stain' or 
^rc\ Soldering operations arc much more productive of deep fire-stain because 
of the lu^er tsmperatores involved. When the depth of the fire-staJn exceeds 

25 about 0.(K25ram (0.010 inches) flie alloy is additionally prone to cracking and 
diffifadt to solder because an oxide surface is not wetted by solder so that a proper 
TOetaHurgical bond is not formed. 

Secondly, it is a well-known feet that with exposure to everyday 
30 atmospheric conditions, silver and sliver alloys develop a lustie-destroying daik 
film known as tarnish. 
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Tbff iMWifionof gennanium to bUw allojrs was fbund to offer a solution to 
boih these problems. Patent GB-B-225534« (Raleau, Albert and Johns; 
Metoienrop Rcchfiwdic) diastoaed a nowl sllvw alloy that mainlaincd Uie 
luopcctics of hardness and lushe ixitowot in Ag-Cu alloys while redudng 
prablems resulting ftom the tendency of the copper content to oxidise. The alloys 
ware ternary Ag-C(ir(te aUoys conlainlng at least 92.5 wt% Ag, 0.5-3 vrt% Ge 
zoA the balance, epatt fem inporitics. copper. The alloys vrate stated to be 
stainless m ambianl air during conventional pwduotion, tianafonnation and 
finishing operations, to be eadly defoiinifljle iwhm cold, to ho easlb^ 
not to give rise to significant shnnkage on casting. Tbey were also stated to 
exhibit superior ductility and tensile aHengfh and to be annealable to a required 
hanJnsss, Oernwnwm w» stated to exert ft piotectlvo fiinolion Ifast sma 
responsible for the advantageous combination of properties exhibited by the new 
aUoys, and was in solid sohition in both the silver and liB copper phases, rtw 

Biicrostrocture of the alloy was said to be constituted \jy two phases, a solid 
solution of germamum and copper hi silv« surrounded by a filamentous solid 
solution of gwrnanhim and silver and copper. The gemiamum fai the ooppeMich 
phase was said to iiiMbii surfbne o>ddation of that phase by femunfi a Ihin OcO or 
GcOa protective coatine Which prevented the appearance of Baxstidn during 
btasdng and flame onnealing which lesulta fiom ti»o oiddatlon of copper at hieh 
temperatures. Fur1iicimoreliie devdopmentof tarnish was eppieciably delayedhy 
the addition of gerxnanixun, the sor&ce tamed sUgJsdy yellow «fher than Wack 
and tarnish products were easily removed by ordmary tap water. n» alloy was 
said to be usefol inter alia in jewellery. Itowever, the alloy disdosed m the above 
patent su^ limitations inaofer as ft can ejdriWt large grain Size, leafflng to po^ 

dcfonnation properties and formation of large pools firan low^eWng outectics 
resulting m localised surfece melting when the alloy is sulgeot to Ibe heat of an air 
torch. 

Furthennore, patents US-A-6168071 and EP-B-0729398 (Johns) disclosed 
ft sUver/germiinium alloy whi eh comprised a sUver content of at least 77 wl % and 
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9 germ^niwn content of between 0.4 and 7%^ the lemainda piinctpally being 
copper apart fiom any impuritiGsi, vibixAi alloy contained elemental boron as a 
grain refiner at a concentration of greater than 0 ppzn and less than 20ppjn. The 
boxon content of the alloy could be achieved by providing ifae boion in a mafitet 
5 copper/boron alloy having 2 wt % elemental boron. It "was reported that such low 
cooaoentrations of boron sucpii^ngly provided excellent grain xcfining in a 
sUver/gemiahiuni alloy, imparting gmter strength and ductility to the alloy 
conqsared with a sUver/gcnnanium alloy without boron. The boron in the alloy 
inhibited grain growth even at temperatures us^ m the jewelleiy trade for 

10 soldering, and samples of the alloy were reported to have resisted pitting even 
upon hating repeatedly to tempecatuzes where in the previously suggested alloys 
a briefly mentioned copper/gennaniiim eutectic in the alloy would melt. Strong 
and aesthetically pleasing jointe between separate elements of the alloy could be 
obta3£u:d without using a filler material between the £-ee surfaces of the two 

15 elements and a butt or Ie^. joint could be formed by a diffusion process or 
resistance or laser welding techniques. Compared to a weld in Sterling silver, a 
weld in the above-described alloy had a much smaller average grain size that 
improved the fimnabilily and ductility of the welds, and an 830 alloy h^ been 
welded by laser welding and polished without the need for grinduig. It may he 

20 noted with regard to the above mentioned eotectic that aithough its adverse effects 
are reduced by the reduction in grain size, the ability of the eutcctlc to form and 
become mohsn on post-fbrmstioin thermal treatment is sefained because that ia 
governed by ^ chemical composition of the alloy raAxeic than its.ccystal 
structure. 

25 

Silver alloy accordmg to Ifae teaching of GB-B-2255348 and EP-B- 
0729398 is now commansially available in Buxope and In the USA under the trade 
i»ame Axgentium. oxul the word "^Ai$entimii?* as used heiein refers to these alloys. 
The 925 grade Aigentium alloy comprises 92«S wt% (minimum) Ag, 1.1--13 wt% 
30 Qo, 6 ppm Bb the balance hexxMS copper and impurities. The alloy shows excellem 
TBsistanw Id tarnishing even under very arduous oonditians* A pasa ve layer is 
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fimned by ihe gBnnannim, which agoificanfly slows the foimation of wWer 
sulphide, the mafai cause of tanuahing an conventional silver alloys. Even in « 
hydrogen sulphide ahnosgphere the degi^e and depth of temish is significantly Iws 
CQmpared to a conrentioiHd silver eU^y or ft silver plated Item. Ihe same 
mechaniam that eieates Ihc taniidi tcsistance also results in the ftmnation of a 
passive layer ^uWdi slgnlfleaniay xeduoes the d^ of *fi»«taiiifag* ot the 'IItb 
layer' that is produced in tlds aUoy when torch annealing in air. Trials h»ve 
dumn that the depth of the •fire-staining' to be up to three 1inM» greater in 
convontionBl silver alloys ooimffl»d to the Ataentlum sUvw alloys. This reduces 
file amount of poKslringthat the aUcy requires and caa result bi other confiideiahte 
cost savings in nunnifiieti]nn& 

Desinte the advantages of existing Argcntium a^^ 
fer fiirdier hnproveraant of the alloy with respect to its ataWlily under thennel 
procesBhig and hi psrtjpular to hs TBsiaiBnce to pitting and/or saggh^ 
Ibr 4o purposes of annealh« or johiing. Then is also a need fer alloys tiwrt 
oombine Ibese fiwowraWe properties wift hardness and icsislance to tamishmg. 
There is ft fbrlher need for aHoys that on tavestment casting has a reduced 
propensity to fonnafiott of "hot shorT (nacldnfl) defects. 

As a fiiriber matter, so fir as lon&term tarnish leslstanoe is cancemcd. 
various proposals have been made for eteamng «r proteodng Sterling sUvar and 
other Isnown grades of silver to remove tandsh and/or to inhibit the fiwmation of 
tamish. OB-A-n30540 is concecned with d» protection of a finidwdsutfeM 
Stcdhig or Britannia sDver as a step to a production run. and disdoses a process 

that camprises the steps o£ 

v?ettkig a dean dlvar surlhoe of an ardcle with a sohition comprisrog 99 
parts by w^ght of a votedle wganio solvent, Ibr example triddoroethylcne or 
l,l.l=triohIorodhane and fean 0,1-lJJ parts by w^S?>t ^ «8«°i'^ 
M^tdng a -SH group and capable of fbrming a tranapaient colourless 
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protective layer on the silver sur&cev for example stearyl and cetyl mercaptan or 
thioglycoUate; 

allovong the solution to react vAih the surrace to form such a layer and 
aHomng the solvent to evqK>rate; and 
5 washing the surface with a detei^mt solution, rinsing the snuihce with hot 

water and allowiiig it to dry. The above process is stated to provide a ^^'loog-tezm 
fmiidi'* intended lo last the intended shelf-li£b until the article reaches the user. * 

Treatments of the above kind are believed to result in the fimnaiion of a 
10 self-assembled coating derived fitim the thiol compounds in which the sulphur 
atoms sve Ixmnd onto the metal surface and the alkyl tails are directed away from 
die metal sucboe^ see US-A-61S3S1S (Enick). Yousoqg Kun et al 

teportfid that tbs adsorption of thiols onto silver proceeds throogh an anodic 
IS oxidation, reaction that produces a sluft of die open circuit potcntiBl of tike 
substrate metal in the neg^ve direction or if the potential is fixed an anodic 
current peak: 

RSH+M(0)-*RS.M(I) + H* + e"(M> (M-AuorAg) 
Kwan Kim» Adsarptton and Reaction tjf TTaoIs and &dfldes on Noble Metals^ 

20 Raman SRS-2000» 14-17 August 2000, Xaimen^ Fijian^ China. 
httD:/A«»ssx>re/i«iraxni/na^ .f^f . also discloses the finmatbm of sdf- 

a^embled mosiolayers and discloses that alkanetiuob. dialkyl sulfides and dialkyi 
disulfides selfHOssmble on silvci: suxfices with aliphado ditiuols forming 
dithoiolaiss by fimniqg two Ag-S bonds. In conlxast, the litexature on formation 

25 of al^ylduols of germanium is relative^ sparse. The reaction of alkanethiols ^rith 
Ge to form a high quality monolayer has been reported in the contest of 
semiGonductoT and nanolec^ology by Han ei at^ J. AnL ChtnL Soc^ 123« 2422 
(2001). hs the s^qpeiim^ d^cribsd^ a G£(11 1) -ws&r i» s&riica£«d in a@€S^«& tc 
dissolve organic contaminants and immersed in concentcaled HF to remove 

30 residual oxide and produce a hydrogen-temimalsed surfkce^ afler winch the wafer 
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iaimineraed in an alknafithiol Soluti<m in iscqiropaiuiU sonicated ia pK«m and 
dried. 

SUMMAKV OF THE INVENTION 

S 

Althou^ GB-B-2255348 discloses a langcs of diver cantant ftom Staling 
to Britannia grades, as previously explained » skilled person wonM not 
contemplate using a silver content above the legal nnmmuni Jbr the intended 
grade because of 4e cost of 1bs mlver. He is not &vm by the diablosuta of lliat 

10 patent OT that of the siAseqiientpalmtaielaling to lliete^ 

to adopt intermediate silver contents. Hfawever, it has now been fiwnd that silver^ 
oow>er^rawniiira temaiy alloys having sUver contents between those of Ibe 
Sterling and Britannia grades possess vahiabk properties Ihnt fecilitate both 
casting, welding and other thermal treatments used in the manufiiotaie of silver 

15 aitldes. 

la particular, the appKcanta have become aware of the dearabilhy of 
ledudng or avoiding the fimnalionand/or mellmg of the above menlSooBd binary 
copper-gennaidum cutectic which melts at 554'»C. During Iho productlan of eg. 
925 Argentium sUver alloys, the fonnation of this phase can be avoided by careM 
control of the casting conditions shice under equiUbrium coidhig conditions flw 
crystallisation is compleiB at below 640°C. However, this binaiy phase can oreato 
problems during subsequent thermal treatment of Ac alloys, e-g. mmg brazing 
aUoys xrfiich typically have melting points in the range 680-750° and teich 
25 annealing which typicaUy involves heating a workpicce to a duU red heal at 700- 
750»C. On heating the woikpicce to or beyond these temperatures inciinenl 
mehing occurs with a smaU amount of material concsponduifi to this binary phase 
becoming molten while the bulk remains staible. When Ihc workiaece letums to 
ambient temperature, porosity develops where the allqy has liquefied. Hiis 
contributes britHenesa and e.g. as noted in GB-B.223S348 there is a tendenigr for 
the alloy to aag when healed for joining or anneaHng operations. Althou^the use 



30 
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of thQ boron grain refiner of lJS-A-6168071 nad EP-B-072W98 significantly 
reduces the pitting and sagging consequent on formalion and melting of ttke 
binaty eutectiic» the formaUon and melting of that eutectio &8 previously 
mentioned, not elimaled and there is still scope for the finther development of ihe 

5 temBiy alloy to iniFCOve its pitdng and sagging properties- By increasing the 
silver content above the level for Sterling buL Itsss Uian that ibr Britannia it is 
possible to produce an alloy in which the above binary cutectic either does not 
fmxk or ^ves rise to reduced pToblems in subsequent heat tr^itntent. This 
provides aUoys with a much greater inherent stabiliQr under thermal processing. 

10 The germanium addition prevents the reduction in hardness that vvould be seen in 
a silver-co!pper alloy of this composition. The alloy also shows resistance to 
tatmdnng, even under very arduous test conditioas. .... 

The invention therefore provides a ternary alloy of silvK*, copper and 
IS gennamum containing jBrom more than 93.S to 95.5 wt% Ag, fiom 0.S to 3 
-wt% Ce and the reimMnder, impart fiom impurities and grain refiner, ccfpper. 



Atypical alloy that has hccsi fbund to be suitable contains about 94^ vvt% 
Ag, fiboat 43 ivt% Cu«uQd alK>ut 1.2 wiM Ge; In the above alloy tfaue wdght tg&^ 

20 of Cato Qe is about 3.6:1 vdiereas In the exifding 92S grade Argenduxn the ratio 
can be fiom 5.8:1 (LI Ge) to 4.8:1 (1.3 wtS6 Ge). The ^licants consider 
that it is the reduction in tiie CwGe weight rvtip that is respon^le for the reduced 
jiierrrmi pjocessing iKobleins* the CuGe eoCectio eilher not forming or fbmnng in 
a ftigii fiflflnt^ reduced amovmt during po3l>-melt thermal processing. In particular 

25 the tado Is preferably &om 4:1 to 3:1, muore preferably about 3.5:1« Above 4:1 the 
alloy is more likely U> exhibit firest^n, whereas below 3:1 the Idgh gpmwninui 
content gives rise to fotmability problems. 

In die above aUoy» preferred Ag contents rangp from about 94*0 to about 
30 95^ wt$>i, lower values beli« preferred for leducii^ the eocpense of die ulvcr 
used. It has been found* smpiisingly, that if Ihe Ag cont&it is incicased to 96 wi% 
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it is difffcuJt to avoid firestaiu even at high G© contenls. As cegatds Ge, contents 
of fiom 1.0 to 2.0 wt% axe piefisned. Below 1.0 vrt% Oe, consistent resistance to 
firestaia and tarnish may not be obtained, whereas above 2 wt% Ge there is an 
incwafflngri^ofefflbritflemwitofiheanoy/Pur^ 

ejqwaise inatos it desiitfMe to leto 

have <hat consistent lesislancc to fircstain and 

ooDtents of fiom 1.1 to 1.3 wtW. The alioy witt preferably fiirther comprise boron 
in an amount efEeclive for grain refinement, typically 1-40 pp^ 
10 ppm- Excessive amounts of boron may glv* rise to boron hard spots, but in the 
case or alloys supplied for casting it wiU often bo deshabie to facoipotaJe 
Tclatively large amounts of boron to compenBate &r losses on te-meWng. 

The aUoy may be prodnecd by contimioua castfaig. The initial casting 
conditions may be as for an equivalent silveiKXippor giade eacqit that the 
germanium addition wiU give solidus and Hquidus temperalures iq>pn»dmately 
IS^Clowerthantheequivalentailver-coppcraUcvs. 'llw germanium conBatt also 
alteis the emis3ivity«if the alloy. Ilris wiU affect the rate at wHch heat ean be 
removed from Ihe die (i f continuous casting) or stondhtg time (If static oasdn^. It 
may also be desirable lo le^ibxate optical Onftaned) pyrometer when casting 
the pnssenttertiaiy alloys. This is beeauselbegpnnanfaun content gives the alloys 
a dif&reat emissivlty. TypicaUy the sensors vroold give a mwi lower reading 
tium Ihe actual lemperatuie if they w«« not adiualed. During bfllel production 
fiom continuously cast slabs it is a requirement to remove die saifiiee layer, 
whichhasbeenincontactwiflithedie. This is tiia layer ftat acted as the starfiiig 
point for soUdification of the metal and it contains the most impurities. To 
remove this layer a minimum of 0.01 mm should be removed fiom each side of 
the cast slab by either a meduinical or an abrasive technique. 

To pioduce a sheet witfi an intanal structure suitable for fiirther use by the 
silversmitii a rolling regime which oontiiins a mmimum of two 50% reductions 
and two araieab is recommended. This wiU remove die 'as^asf grain structure 
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and provedt any ortms^ peel efifects vAssa the sheet is bdng fonncd by the 
silversmith. As an exmnple, to produce sheet at 2.5 mm diick the follo^dng would 
be the minimum rolling requircme n ta; 



5 Btardngsize 10 mm thick 

Roll to 5.0 mm thick (50% xeduotion) 

Aimeal 

RoU to 2.S nun thick (50% reduction) 

Anneal 
10 ' 

When cmss-rolling to incxease the width of sheetSp at the end of the cross- 
Tolling tegime the sheet should be anneided pzior to the commencement of the 
nomiai rolling schedule* 



15 When d£a[wing the alloy into wire, the required drawing sequence depends 

on the intemal grain structure of the starting materiaL This is because the ^Tvire 
could be fiom two possible sources, eithior a cold or warm woridng operation (e.g. 
extrusion) or fiom an ^as-cast* wire size <e.g. a 'mini* casting system). For 
material tfckal has come Exm. a previous coM worked source the only constiainl is 

20 that the material has a Tnfaiiimm(ior25% cold work pier to This will 

prevent excessive gmin growth. A maximum of 60% cold work between mdi 
anneal is recommended. For exampfep the fbllowiiiB work procedures would 
apply to wire from a previously cold worked source; 
Stardngsize 6 

25 Draw to 5.2 mm diameter C25% leductfton) 

Or 

Starting sSssc 6 mm diameter 

Dmw to 3«8 mm diametsr (60% Teduetioo) 

Axmsal 

30 Draw to 2.4 mm diameter (60% reduction) 

Anneal etc. 
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For matenal that is finom a cast source then a dra:wii^ sequenco involving 
two reductions of a minimiini of 50% and two anneals recoimnended to give a 
grain size suitable for further ivork by ihe silversmith. Work procedures would be 
S similar to those given above. 

When annealing the alloy, it is important tlist the furnace gas^ allhougli 
protective, does not deplete the surf^tce layer of g^tmaninnu as this will i^educe 
the tarnish r^tstance of the aUoy and its resistance to "fire stain". It is the ability 

10 of the sur&ce layer of germanium to fi>im a germanium oxide Which then acts as 
a barrier preventing any further penetration of the oxide layer or build up of 
tarnishing products. For this reason a furnace atmosphere based on cracked 
ammonia is not recommended. To prevent depletion of the ^rmanimn &om the 
surfi^ of the alloy the presence of a small amount of oxygen or a slightly ^Svet" 

IS fiimace atmosphere is beneficial. Typically the fiunace atmosphere should 
contEun approximately 0. 1*0*5% oxygen and have a dew point of 2(M0°C. The 
exact balance of these values dep^s on the type of fhmece being used. It is 
inspoEtant that the balance is not set to far in the opposite direction as this may 
result in oxidation of the copper content of the Eilloy. The annealing temperatune 

20 may be within the range 620 - 6S0°C and should preferably not exceed a 
. maxinnmi temperature of 650^0, The axmealingthneftir this tmipenitUEeiangBift 
30 to 45 minutes. 

As tegards cleaning procedures^ although OB-A-ll 30540 was alleged to 
25 provide a long-term finish, in the inventor's expexirace this type of treatanent 
does not iidly solve the difBcuIties created by tamiah in the pmod belwe^ 
manufacture and aoppiy to the uliimafie purchaser or user and suflfbrs ftom a 
nninber of shoitconungs. Although a silver product might anivc at the retailer in 
an untandjdied state, it was largely the resuh of die wrappmg applied by the 
3D manufTictuper, wiiich protected the ardde from air. Once the wrapping v^ 
removed and die article was displayed in a retail environment aocfa as a diapl^ 
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case in a hotel wfaeze it was subject to ambient air and the heat of artificial 
lightiiig» an article of conventional Sterling silver would require re-polishing after 
one week and after two weeks would normally be so tarnished as to be un- 
saleable. At an exhibition^ the li& of an article on display before sijgnlficant 

S tarnish sets in may be as short as 3-4 days. Re-polishing produces wear and "fi^ft 
handling scratches, so that unless the article can be sold quickly it looses its 
piistine appearance. The need to polish display silver at frequent intervals adds to 
the labour cost of a jeweller or other retail establishment, whose managraient take 
the view thai its staTT should be employed to sell products and not to clean stock. 

10 Tdmish ^ poiJDl of ^e is ttierefore a serious problem diat reduces the willingness 
of those in the distribution chain to stock and display silver products, and vvbicih 
has not yet been adequately solved: 



When the produa readies the ultimate purchaser, it is of course desirable 
15 that the task of tarnish removal should be made as infinequent and und^mandins as 
possible. 

It has now been found that an alkanetfaiol. alfcyl tluogtyeollate, dialkyl 
sulphide or dialkyl di^phide cad be used for the surface tceatmenl of tlie above 
20 described allo)^ preferably so asr to reduce or fiirdiGx xcduoc tarnishing of die 
alloy such that a sunple can. be subjected to hydrogen sulphide gas above a 209^ 
solutiion of ammonium polysolphide fbr at least 30 minitfes and typically 45-60 
minutes while r^aLmng a generally umamished appearance. 

25 The invention also therefore includes the use of an orgamc oonvpoond 

conlainitig -SH or -S^S- bonds e.g a Cn-Ca* alkanetfaiol, alkyl tfaioglycoilat^ 
dialkyl sulphide or dialkyl disulphide in the prepanrdon of a tarnish inhibitor for 

an article csf ^ fte silvefivcos)pgr-.germOT allny dKcribsd abcyvc- 
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The invention fOrOta provides aa alloy of silver as draonbed above, or a 
shaped article fbimed of said sHiay, diat has been tieatod vvi& a Cu-Qt* 
alkanetliiol, alkyi tiiioglycoUBte, dialkyl sulpiude or cSalkyl disulphlde. 



5 inanaccclBtaledlanitehtDStinwhiciLtfaBarddeiasi^^ 

sulphide gas firan the ammoniiim polysnli^ide solution above wWch it is 
suspended at a heiglit of e.g. 3Qimn conesponds (o a period of a year or nunc in a 
retail enviTonmeat vAneite) an article is oo djspl^ and exposed to ambient 
atmosphere and nray be subject 1o dtesvated tdrapoatiices. It is die comWnadon of 
10 tin piotectlvo fundavn of die germaniion conteixt of the alloy -widi ^ finther 
protection fiom fl» oigsno-Bulplnir convofund dial is believed to be CKponable 
for die observed imsease in tarnish redstanee; The period duiiag which the article 
retains its untarnished ^pearance under these severe conditions nay be *ree or 
more ISnies the conespondhig period fas aa. article dut has not been treated "witli 
15 an organo-Bulpbur compound, wWoh Is unexpected beoanse die same accelerated 
tamiah test carried out under die same ooncGtions on a conventional Steding silver 
article not contaimng protective germanium does not reveal a rignificsnt incrrase 
to untarnished lifetime between its untasaiBd and organo-sulfiir treated states. 

20 Accelerated *a"i<«Min> tests witti Argenlium Stet^ng vsing ammonium 

polysulphidc have been reported by the Society of Americam Silveismidia, see 

htip://www.silversmithing.com /Iatgenrium4Jltm 
and In a comparative test the Aieentium Sterling remajned untarnished after one 
hour whereas conv«»itional Sterlhig became tarnished after less dian 15 ndnutes. 

35 However* in this test O-Sml of 20% ammonium polysulfide «>lution is mixed wdi 
200ml of distilled water, so that the test is gceaily less severe than when 5fln«»lea 
are exposed to the 20% solution itsel£ In WO 02/095082, samples were 
suspended above 20% ammonium polysulphide, but the exposure times were 
relatively short, and onset of yellowing was sorted for Ag-Cu-Ge allojre after 3- 
30 5 xninutcs exposure. Otii« tests reported in that spedficalion mvolve piacmg 
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samples in a desiccator contaSning floweis of sulphur md calciiim nitrate and ore 
less severe than tbe ammonium polysulphidc test 



As protective agent th^ may be used a compound contaming a long 
5 chain alkyl group and a-SH or-S-S- group, «ug. an alkanethiol, dialkyl sulfide or 
diallcyl disulfides in which the chain b preferably at least 10 csrbon atoms long 
and may be CU-C24. The -SU or -S-S-* rampounds that many be used inchide 
straight chain saturated aliphetio compounds con taining ]6-24 carbon atoms in 
the c&ain, for example steacyl mercaptan, cety] znercaptan (octadecyl mercaptan) 
10 andstearyiandcelyl thioglycoUotesviliose formulae appear below. 



IS 




Steaiyl mercaqplan is a \vhile to pale yeUow solid that s insoluble in 
water. The protective s^ent may be used in sohidon in a solvent e.^^ 
orgianic solvent such as an alcohol e.g. metiqrl or ethyl alcohol, a ketone e.g. 

20 acetone or methyl cffayl ketone^ an ether e.g. diefiiyl ether, an ester e.g. nA>\Ayl 
acetate, a hydrocarbon, a halocarbon e.g. metlQrlenc chloride, 1,14- 
trichloroethane, ttiddoroethylene^ perchloioethylene or HCFC 141b. The 
protective agent may cxnrnprfse 0.1-1 VfOh of ihe solveiit. Solvents nn 
propyl bromide are presently pxefereed on the ground of fhe short atmospheric life 

25 of that compound, its relatively low toxicity compared to other Iialocarbons, its 
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fiivounble ohemioal and physical properties and its boiling point, specific heat 
and latent hieat of vqmnzalian. 

US-A-5616549 diacloaes a solvent mixtuie coixrprising; 90 peroant to 
S aljout 96.5 percent n-propyl Iwomide; 0 pexcent to about &S paicent of a mixtiao 
oftcrpenes,«ieteipeneniijrtiirecomprisi^ 35 percent to about 50 peicent cis- 
pinane and 35 pereeot to about 50 penxaittians^iinane; and 3^ pei^ 
percent of a mbrtuie of low boiling solwiits, flie low boiling solvent mixtawt 
compriiiing 0.5 petcenl to 1 pereeol nilioniethaw^ OS pereenl to 1 peicenl l^S- 
[0 butylene o>dde and 2.S peioent to 3 peiceni l^dioxolane. The solvent tttixturo 
has the following advantages: 

(i) it is properly stabilized against any fiee add that miglit result fiom 
oxidation of the mixture in the presence of air. W Mrol^ 
die presence of water, and ftom pyrolysis of the mixtore under Ibe influence of 
IS high temperatutcs; 

(ii) it is non-flammable and non-ooitoave; 

CiH) the various components of the solvent mixtnre are not regulated by 

ihe U.S. Cl^ Air Act; and 

(iv) none of the various components of the solvent mixture arc known 
20 oBDoer otoising agents (i.e^ the various ooniponBite are not Hsted by N.Ti, 
LAJt.a and Califonua Proposition 65, nor are ifaey legulattd by OSHA.). 
Moreover, the solvent mixture has a high solvenpy with a kawi-birtanol value 
above 120 and. more preferably, above 125. In addidon, Ihe solvent mbrture has 
an evaporation rate of at least 0,96 where l.l.l-ltichloioethanfi^l. Upon 
evtqKwation. tbs solvent mixture leaves a non-volatile teaduc (NVR) of less than 
2^5 mg and, more preferably, no readue. Solvents made in accordance with the 
above patent are avdlaWe ftom Enviro-Tech International, toe of Mdrose Paik. 
minois. USA under the trade name BnSolv. 



25 



30 



The surfece trealroent may be earned out after the manufacturing stages 
for a shaped article made of the alloy have been completed. The article may be of 
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flatware, hollowware or je^mlleiy. Fabrication steps may include spinniiiB, 
pnsssing, ibr^ngci casting, cbasing, hammering fiom sheet, planishing, joining by 
soldering brazing or welding, annealing and polishing using bufi&Z'mops and 
ahunlninm oxide or rouge. An article to be treated may be de-greased 

5 ultiasonicaily in a treatment bath, dipped into a bath containing the treatment 
agent e.g. I vrit% stearyl meimptan in solvent e.g. EnSoIv^ rinsed in one or more 
baths of the solvent and allowed to dbcy by evEQioration. The solvent should leave 
no or substantially no residue, so that subsequent washing with water or aqueous 
solvents should be unnecessary and the article can be allowed to dry. The article 

10 may then be packed for delivery into the distribution chain. This may include 
wrapping the article in one or more protective sheets^ placing it in a presentation 
box, and wnqjping the presentation box in a protective wrapping e.g. of heat- 
shrunk plastics film* Articles which have been treated with on organic compound 
containing SH or -S-S~ groups as a&rcsaid and packaged should not only rmch 

IS their point of sale in good condition but should if displayed e.g. on a shelf or in a 
cabinet for an extended period, expected to be at least 6 mouths and possibly 12 
months or more, reznairi without development of significant tarnish. 

For many purposes, e.g. light industrial appUcations, it may be pre&rred 
20 to cany out die anii-tamish treatment ushig a prednminnnfly aqueous solvent 
system. For this purpose^ the protective agent may be dissolved in a water- 
immisdble organic solvent, for example a solvent based on Ta-pxopjd bromide* the 
resulting solution may be mixed with a reladvely concenhrated water-based soap 
ox detergent composition v\duch acts as a '^carner^, aflter which wster is add^ to 
25 the resultix^ mixture to pio^de an aqueous treatment dip or combined degreasing 
and treatment solution. Thus an aqueous dip has the advantages that a soNent 
degi»»u9ing system is joot necessary, the dip is ra^y made and nuv be used cold, 
all areas of immersed articles can come into contact with the stearyl meccBLptanor 
other treatment c^cnt* the present alloy only requires 2 minxtCcs in the dip, dnauDg 
30 and drying of articles are made easy as water droplets are repelled firom the 
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sui&ce of the pofii^ed salloy, and the dip can be easily used ina manufocturing 
environment beftwe artioles are sent to retailers. 

PR&Ered walei^based detereeuts inay be based on anionic^ alkoxylHted 
5 ironhionic or water-solubte CBtionic sntfece active agents or ffiixlintia of them and 
preferably have a pH at cm: dose to 7. Anionic surfiictanis may be based on alkyl 
sulphates and alkyl benzene sidphonates, -whoBe harthness on prolonged ddn 
estposure may be leduced by the co-piosenee or use of alkyi efhoxy svdphatea 
CUS-A-3793m Rose ei aL; 4024078 GUbeil; 4316824 Panchoni). (>&er known 
10 surfiictanis e.g. betaines may also be pifesent, see e.g. US-A-4555360 OSiasett). A 
suitable foimulalioa conlmning 5-15 wt% nan-lome suifacfainte and 15-30 wt% 
anionic surfactants is available coromracially in flie UK under Ac bade vara» 
Fair/ Liquid (Pxoetor & Gamble). 

IS aqueous Hqind may dso be made by ffissohringtite treatment agent in 

a non-organic solvent and adding a relatively conoenliated aqueous detsigent 
liquid, for example undiluted Fairy Uquid. This provides a detergpot liquid that 
has a number of advantages: the soapy liquid is easily made, llie liquid is easily 
^lied to the articles of Ihe present alloy wife a damp sponge/cotton wooydoth 

20 etc, Ae liquid and lather enables lie sltsaryliiiercaptan or other tieati^^ 

get into fhose awkvraid aieaa on an article iwiiere a cloth may not be able to reach, 
rinang and drying of artioles are made easy as water droplets are repelled fiom 
^ surfhce of the polished silver, the process can be eaaly used in a 
TnannJaoturing environment before articles are sent to retailers and can ^ be 

25 easily used in a zetul or domesdc environment. 

The articles may altesmatively simply be polished with a polish containing 
l-Swt^ of the organo-sulptair compound e.g. stearyl mercaptan together 
sur&ctants and a deamng agent e.g. diatomaceaus earth in a solvent. As a furdier 
30 allcina1ive» th^r may be shnply polisTicd with a cloth impregnated with the 
sogano-sulphur compound eg. steaiyl meicaptan. The advantages of a cleaning 
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cloth are that it is easily manufactured^ can be rasQy used in a tetail or domestic 
environment and is good for general upkeep of articles of the present alloy (if 
required). 



5 Hie invention will now be ftnther described, by way of illustration only, 

with refbrence to the following examples. Throughout the examples, tbe term 
^enhanced tanush resistanee^ of sampLra treated with stearyl mereaptan refers to 
the eomparison with samples of Argentlum Silv^ which have not had any 
treatment except for polisUng and cleaning in EnSolv 765. 

10 

Example 1 

(Production and propeitSes of eentinueusly caat alloy) 

A ternary silver-eopper^germanium alloy (Ag = 94.5 wt%» Ge « 1«2 wt%» 

IS Cu = 4,1 wt%, B = 0.0008 v^ (8 ppm) is prepared by melting dver» copper and 
germanium together at lOSO^'C under an atmosphere of nitrogen, and adding the 
boron as a copper4>oran master alloy at the last posmble moment. The molten 
mixture is then conlinuously cast junto strip of width SQmm and of fhlckx^ss 10 
mm, aller wUch an impurily-iich surface layer of act Irast 0.1 nun is scalped ojff 

20 AestirOce or thecal strip by a metal planer. The cast stiip is then cold rolled to 
5mm thiokness, mmealed ai 620-650°C for 30-45 minutes in a slightly wet 
protective gas atmosphere containing 0.1-03% oxygen and having a dew pcnnt of 
20-40^C, these conditions being selected to promote fonuatiQn of GcQz wi^ut 
oxidiadng copper to copper oxides, then subjected to a second railing to a 

25 thickness of 2.5 mm and a second aimeRKngi after whidh the "as caaf * gcsun 
structure has been substantially removed and ^ sheet ^n be fiimned by a 
silversmith without exfaiUting objectionable orange-peel effects. 

The rolled annealed sheet has a Tni^siiFed hosdne^ of 64 HV wbich is 
comparable to values fbr Sterling silver. A sample of the tolled sheet can be 

30 annealed by heating to about 600^C followed 1^ quenchii:^ and the pvoeedure 
can be repeated six times^ alter which Ifae sample Is in good condition apart fibom 
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Slight edgo crtcWng and exhibits no fi»-stain. This behaviour differs ftom that of 
nonxial Steding alver vddch tsnds to crack 

fiom that of 925 Atgenlium whose low-mdtine (554»CD tetnaiy sUvewaipper- 
eomamim eatectic would be liquid at the qucndiing tempaatate and would 
5 caweflift alloy to shan^whm quenched. 

Example 2 

(Production and propertfes of Euvestment cast strip) 

10 The molten alloy of Example 1 is fomfted into strip by investment casting. 

The lesiiWtig strip is substantially ftee ofheit shorf' defeets and brilfleness, and 
has a haxdioess of ti3.S HV. * 

EiouapleS 

,5 Sotveat dip eleaning (sdvent degreased samples) 

Sohitions arc made up containins steatyl msrcaptan (0.1, 0.5 and 1.0 
gram) in EnSolv 765 (100 ml). Samples of flw rolled annealed lemaiy alky sheet 
of Example I which have been polished and litrasooicalty dcgrcaaed in BnSolv 
20 765 for 2 minutes aie each immeised in one of the stearyl meicaplan sohitionB fer 
periods of 2minutes, 5 mfaffltes and 15 mteutes. The samples are ften buffed wiJh 
clean cotton wool. 

In Older to evaluate tomishicastance. the alloy samples are sapporliBd on 
25 a glass sUdc in a fume cupboard about 25mm above *e snr&ce of 20% 
ammonium polysulphlde solution so as to be exposed to the hydrogen sulphide 
that arises from that solution. AU of the samples demonstrate good lanush 
resistance during a one-hour test, widi vciy sUght yellowing after 45 nmnnes 
exposure to the hydrogen sulphide. The light fflm on tiw samples is easily 
30 removed with a cleaning cloth impregnated with stearyl mercaptan. 
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By way of comparisQii^ a standard Sterling silver sample sUtit^ lo 
discolow as soon as it is subjected to the above lest and after one hour had romxs 
a heavy black tarnish which can not be xemoved with a deaning cloth 
impregnated with stearyl mercaptan. 

s 

Example 4 
Effect of pos<rtr«atment solvent deaning 

Example 3 is repeated fbr the tamaiy aUoy samples except that instead of 
10 buffing witli cotton wool afler ihe mercaptan treatmernt, the samples are 
ultrasonically dcgnaacd in EnSolv 765 fbr 2 minutes. The samples are Ihen 
tamish tested as described in E}canQ)le 3 and s3i show enhanced tamish resistance. 
The ability of the protective effect of the stearyl marc^tan treatment to survive 
ultrasonic cleaning in BnSolv suggests that the tamish resistance is adiieved by a 
15 surfiice reaction involving the stearyl mercaptan and possibly the germamum in 
the present alloy, and not by fiirmatioai of a grease or oil layer on the surface of 
thapceseatallqy. 

Examples 

20 Aqueouo dip application (solvent d^reased samples) 

An antr-tamisih treatment oolution is prepared nsmg fhe following 
izigtedients: 

25 Stearyl metoaptan Ig 

EaSolv76S 5 ml 

Detergent (Fairy Llqni^ 40 ml 

Ito-ionised water lOOml 



30 



The Stearyl Mercaptan is dissolved hito the EnSolv 765 after which «he 
Teaulting solution is mixed with detergent (Fairy Liqnid) and diluted with water to 
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provide an aqoaous dip. Sampler of the temaiy alloy of Example 1 ate polished 
and ultrasonically degreased ia £nSolv 76S for 2 miimtes, imxnersed into the 
above Rqiieo\)s dip for 2 mimites at ambient temperaluFes and then rinsed under 
running tap water It may be noted Che water is immediately repelled &om tibie 
S polished sur&ce, which leaves Ihe samples dry. Samples may be tarnish tested as 
described in Example 3 and all show enhanced tanxish resistance. 

Example fi 

10 Direct ^'Spong^' Application - Neat Deter^^nt Solutions (solvent degreased/ 
aqae«nis degreased samples) 

The following solndons are prepared: 

- 1 gram stearyl meicaptan 
15 - Sml£iiSolv765 

- 40inldeterg^t(Faixy Liquid) (Referred quantities) 

- 1 g^ram stcaiyt mercaptaa 

- 5miaiSolv7dS 

- 40inl soap (licfuid hand soap) 
20 The stearylmercoptan is initially dissolved into the EnSotv. The detergent 

is then mixed into solutions. Samples of the rolled annealed alloy of Example 
1 are polished and ohrasonically degreased in ^iSolv 765 for 2 micutes. Thie 
fitearyl mercaptan/EnSolv/detersent solutions ace then direcdy applied to the 
aurfiice of the samples using damp cotton wool and massaged into lather* The 
25 samples are then rinsed under nmning Usp water. Tn each case, it is noted that 
water is repelled ofT of the polished sur&ice^ leaving the samples dry. Samples are 
tarnish tested as in Example 3 by being exposed to neat ammonium polysulphide 
solution over n period of 1 hour. They all show enhanficd tarnish resistance. The 
above direct '^onging^ method for app^iiig the St«ryl Mercaptan is tested on 
50 ternary alloy strip samples degreased in a IVo Fairy Liquid aqueous solution. 
Enhanced tamiah resistance is ^ain achieved. 
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CLAIMS 

1. A lemaiy alloy of silver, copper and geTmanluin containing from more 
fliaa 93,5 wt% to 95.5 vvt% Ag, &om 0.5 to 3 wt% Qe and the rcmoimfcr. apart 

. 5 ftom imptirilies and grain refinex; coppcx. 

2. The alloy of claim 1, wh^:^ the weight ratio of Cu to Ge is from 4:1 to 
3:1- 

10 3. The aUoy of claim 2, wherein the wdglbA ratio of 

4. The alloy of any preceding claim, cont^b±)g fiom LO to 1.5 wt% Ge« 

5. TTie alloy of claun 4, containing about 94,5 wt% Ag, about 43 vrt% Cu 
ts and about 1.2 wt%Ge. 

6. The BSkiy of apy preceding claino, iUnher comprising boitm in an amount 
efifective for groiii xefinemeat 

20 7. ThcaUoyofaQy]m»»dingclaim^CQntBlnmgl-40ppmofbor^ 
B. The aUoyofany preceding claun« containing 5-20 ppm of bom^ 

9. A finished or s<»d'finisfaed shaped article of ihe alloy of any preceding 
25 claim. 

10. The article of claini.9, wiiicli is formed by casting. 

1 1 . Tlie cuticle of claim 9, which is at least partly produced fionri sheet or ship. 

30 
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12. Use of an alkanethiol. alkyl thioglycollaliB^ didkyl sulfide or dialkyl 
di&taRde fcr Ihe aurfece trtatmeni of an alloy acconfiiig to any of claiitis 1-8. 

13. Tl«useofolfliml2,wliereiathealkwi^^ 
S sulfide ox dialkyl disulfide has Cu-Cm alkyl gpnips. 

14. n» use of claim 12 or I3» whatwn ihe alkanetiuoU aHtyl UiioglycoHatB, 
dialkyl sulfids or dialkyl disulfide is in an orpmic solvent 

10 15. muse of claim 14w^«Hteidn the Bolvcotc^^ 

thioglycollate, diaDsyl sulfide or diall?yl disuffide is generally neulral. 

16. The use of claim 14 or 15, twheiein the alktoeilriol, alkyl fliio^ycolbrte. 
dialkyl sulfide or dialkyl disulfide is in a solvent based on n-propyl bromide. 

15 

17. Hve use of claim 12 or 13. ^*eiein the alkanethiol, alkyl tfaioglyoollale. 
dialkyl sulfide ox dialkyl disulfide is m(a) acomposWonobtainaHe by dissolving 
said alkaneliuol, alkyl thioglycoUate. dialkyl sulfide or dialkyl disulfide in an 
oiganic solvent and adding to said sotatian a xelafivdy concenltated aqueoos soap 

20 or detergent, or (b) an aqueous dispersion obtainable by dissohdng said 
afkanethiol. alkyl thioglycollate. dialkjd sulfide or dialkyl disulfide in anoxganie 
solvent, adding to said solution a relatively concentrated aqueous soap or 
deterg^t, and diluting flifl resulting mixlmu vdfli vrtter. 

25 18. The use of claim 12 or 13. wherein the alkanethiol. dkyl Aioglycollate, 
diaJkyl sulfide or dialkyl disulfide is contained in a polidi or hx^gnated into a 
polishing cloth. 

19. The use of any of dahns 12-18. vAoem the alkanethiol or 
30 alkylthioglycolate is selected ftom stearyl mercaptan, cetyl mereaptaaa (octadecyl 
mcfcaptan), stearyl tMoglycoUatc and cclyl thioglycoUate. 
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ABSTRACT 

SILVER TERNARY ALLOY 

5 A firestaia and lanrish-resistBiit tBcnafy aJIoy of sflver. copper and 

^rmanium oQtxtBiiis ftom more tban 93^ wt% to 95^ wt% Ag, fiam 0.5 to 3 
iiirt% Oe and liiiB remainder, apart fiom impudtira and grain refiner, copper. In 
order to flirtfter protect an article made fiom the alloy, it may be sur&co treated 
wilh an aDcanetihiol. alkyl thioglycollate, dialkyl sulphide OT dialkyl disulphids. 
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